The aim of this study was to investigate how acute insulin-induced hypoglycaemia (IIH) 29 alters the activity of cells containing oestradiol receptor α (ERα) or somatostatin (SST) in the 30 arcuate nucleus (ARC) and ventromedial nucleus (VMN), and ERα cells in the medial 31 preoptic area (mPOA) of intact ewes. Follicular phases were synchronised with progesterone 32 vaginal pessaries. Control animals were killed at 0h or 31h (n=5 and 6, respectively) after 33 progesterone withdrawal (PW; time zero). At 28h, 5 other animals received insulin (INS; 4 34 iu/kg) and were subsequently killed at 31h. Hypothalamic sections were immuno-stained for 35
in the VMN along with decreased ERα cell activation in the mPOA. Interestingly, recent evidence suggests that hypothalamic SST is also implicated in glucose 89 metabolism by initiating a cascade of events that lead to a peripheral increase in glucose and 90 decrease in insulin (Yavropoulou et al. 2014) . It is, therefore, possible that SST cells are In the present study, we examined brain tissue of intact ewes sacrificed in the follicular phase 95 with or without the administration of insulin. Our aim was to determine the effect of IIH on 96 the patterns of ERα and SST transcriptional activation (by measuring co-localisation with c-97 Fos) in the VMN and ARC, and ERα transcriptional activation in the mPOA, and compare 98 these with peripheral plasma LH, cortisol, progesterone and oestradiol concentrations. Euthanasia was carried out with sodium pentobarbitone containing 25,000 IU heparin; full 123 details of fixation (Zamboni; picric acid, paraformaldehyde and sucrose) and preservation (at 124 -80 0 C) of tissues are given in ). Free-floating (40 μm) coronal sections 125 were stored in cryoprotectant solution and stored at -20 0 C until processed for 126 immunohistochemistry. For c-Fos/SST, a two-step procedure was used. After 72 h incubation with anti-rabbit AB-5 148 followed by 2 h with anti-rabbit Cy3 to locate c-Fos, a second immunofluorescence 149 procedure was performed: anti-rabbit somatostatin-14 serum (T-4103, Peninsula 150 Laboratories, San Carlos, CA, at a dilution of 1:500) was incubated for 72 h at 4 0 C and then 151 visualised using donkey-anti-rabbit Dylight 488 (715-485-152, Jackson Immunoresearch 152 West Grove, PA), at a dilution of 1:500. The number of c-Fos positive cells increased at 31 h in control and all insulin-treated animals 220 compared to 0 h (p < 0.05; Table 1 ). The number of cells containing ERɑ or SST did not 221 differ between time points in the follicular phase or after treatment (Table 1) . (Table 1) . However, all insulin-treated animals had more ERɑ cells compared to both 0 h and 232 31 h control groups (p < 0.05; Table 1 ). The number of SST cells did not differ between time 233 points in the follicular phase or after treatment (Table 1) . 234 Percentages of ERα cells in the 31 h control group varied considerably between animals 235 and were not statistically different from the 0 h control group. However, at 31 h after PW 236 (i.e., 3 h after insulin), there was circumstantial evidence to indicate that there was a marked 237 increase in the percentage of ERα neurones that co-expressed c-Fos in the two insulin-238 responders, but not in the two insulin non-responders ( Fig 2C) . Similarly, at 31 h after PW 239 (i.e., 3 h after insulin), there was circumstantial evidence to indicate that the percentage of 240 SST cells that co-expressed c-Fos in the VMN increased only in the two insulin-responders 241 (Fig. 2D) . Table 1 ). The number of ERα cells did not differ between time points in 246 the follicular phase or after treatment (Table 1) .
247
There was an increase in ERα co-expression with c-Fos in the mPOA, with the 31 h 2009). However, it is accepted that ~ 70% of ERα cells in the mPOA and ARC do co-express 345 glucocorticoid receptors type II (Dufourny and Skinner 2002) . 346 In the present study, there was circumstantial evidence to indicate that there was a split 347 response 3 h after insulin treatment with two out of four ewes having a marked increase in the 348 percentage of activated ERα neurones in the VMN, and a concurrent decrease in the mPOA 349 (insulin-responders); whereas, the remaining two ewes appeared not to differ from controls 350 (insulin non-responders). We have previously shown that this split response does not involve interfering with the GnRH/LH surge). Making such comparisons emphasises the need to 378 study a variety of stressors that delay/suppress the GnRH/LH surge in order to determine the 379 core mechanism that affects the GnRH/LH surge without being side-tracked by stressor-380 specific responses.
381
In conclusion, we have shown that the normal c-Fos activation patterns in the ARC, and but ERα activation is unaffected by insulin in this region. We propose that disruption of the 385 GnRH/LH surge would have only occurred in those insulin-treated ewes with an activated 386 PVN (insulin responders). Only in these latter animals did SST activation in the VMN appear 
